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Abstract

The aim of this study is to investigate the relationship of physical activity and anthropometric and physi-
ological characteristics to bone mineral density (BMD) in postmenopausal women. Ninety-seven postmeno-
pausal women with an average age of 50.71 £ 6.86 yr were selected to participate in this study. After completing
consent forms and the questionnaire on physical activity, the amounts of calcium and 25-hydroxyvitamin D
levels in participants’ blood were measured by blood tests. The BMDs of the subjects in the lumbar spine
(L2-L4) and hip were measured by dual-energy X-ray absorptiometry device and the results were recorded.
Also, anthropometric characteristics including height, weight, body fat percentage, body mass index, waist-
to-hip ratio (WHR), digit ratio (2D:4D), skeletal muscle mass index, hand and calf circumferences and physi-
ological parameters, including handgrip strength, quadriceps isotonic extension strength and balance of the
subjects, were measured. The results showed that the 2D:4D ratio and skeletal muscle mass index had a sig-
nificantly positive relationship with BMD of the lumbar spine (p <0.05) and the hip (p <0.05). Also, there
was a negative relationship between the BMD of lumbar spine and hip and WHR (p < 0.05). Moreover, there
was a positive relationship between the calf circumferences and lumbar spine BMD (p < 0.05). Contrary to
this, there was no significant relationship between the calf circumference and the hip BMD, and between hand
circumference with lumbar spine and hip BMD (p > 0.05). Results of physiological indices showed a signifi-
cant positive relationship between physical activity, handgrip strength, quadriceps isotonic extension strength,
standing on 1 foot with the lumbar spine and hip BMD (p < 0.05). But the relationship was not observed between
BMD and the ability to squat down on the floor (p > 0.05).

Based on these results, it seemed that we can use some physiological and anthropometric indices that are
important determinants of BMD and risk of osteoporosis in postmenopausal women.
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older populations (2). Osteoporosis is a systemic skeletal
disease identified by reduction of bone density and de-
struction of bone tissue and increase of bone fragility (/),
and experts classified it into 2 types: primary (intrinsic bone
disorder) and secondary (caused by another disease or side
effects of treatment). Primary bone disorders may be related
to immobility (inability to move) (3). The World Health Or-
ganization (WHO) defines osteopenia and osteoporosis
based on bone mass: osteopenia is bone mass less than —1
and more than -2.5 standard deviations in relation to the
mean bone mass of young adults, and osteoporosis is bone
mass less than —2.5 standard deviations in relation to the
mean bone mass of young adults (4).

The aging process, along with changes in body compo-
sition, leads to bone and muscle loss. Progressive loss of
muscle mass occurs approximately at the age of 40 (5). After
menopause, muscle mass is reduced by 3% per year, and
between the ages of 40 and 80 yr, 30%-50% of muscle loss
occurs (5).

The aim of the present study was to evaluate the rela-
tionship of physical activity and anthropometric and physi-
ological characteristics to bone mineral density (BMD) in
postmenopausal women. In the past decades, several studies
have been conducted in this field and mixed results were
obtained from different societies, but this relationship has
not been studied in Iranian women. Also in the present
study, the researcher wants to examine the relationship of
2D:4D ratio, waist-to-hip ratio (WHR), and calf circum-
ference to BMD in postmenopausal women for the first
time.

Materials and Methods

This was a descriptive study and the University Ethics
Committee approved the terms of the project. Partici-
pants declared their preparation on a voluntary basis, after
announcements in medical offices and associated labora-
tories. The participants in the study who suffered from hy-
pothyroidism or hyperthyroidism, parathyroid and adrenal
glands, diabetes, established rheumatologic diseases; had a
history of drugs affecting BMD (corticosteroids); had ad-
vanced heart disease or any type of cancer; had an implant
in the body, fractures in the previous months, complete bed
rest for 3 consecutive months; or those who were smoking
and consumed alcohol were excluded from the study (6,7).
In the first session, the level of physical activity was mea-
sured using the Beck questionnaire of physical activity (8).
Also, participants filled in consent forms, and general health
information on menopause and age of menopause onset
were required from the subjects. In addition, blood levels
of calcium and 25 OHD were measured and people who
had normal blood levels participated in the study. After ex-
plaining the procedures and working methods, measure-
ments were carried out. First, the anthropometric indices
and then physiological parameters were measured. All mea-
surements were performed at 8-12 AM. In a separate
meeting, the BMD of participants was measured and was
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classified according to WHO classification in 3 groups:
healthy, osteopenic, and osteoporotic.

Anthropometric Measurements

Heights and weights of the subjects were measured and
then body mass index was calculated using the formula of
weight divided by the square of height. Also, for the mea-
surement of WHR, first, the waist and the hip circumfer-
ences were measured in a standing position, then by dividing
the waist-to-hip circumference, WHR was calculated. For
measuring calf circumference, a tape measure was used on
the right leg. While the subject was standing, a tape was
placed around the largest part of the leg circumference and
the maximum circumference of leg was recorded (subcu-
taneous tissue was not compressed) (9). To measure the
hand circumference, a tape was used. The widest part of
the palm was measured by using tape and wrapping it
around the palms (70).

In addition to measure skeletal muscle mass (SM), the
skeletal muscle mass index (SMI) was used. To calculate
the SML first SM was calculated using the following formula
(11):

SM = 0.244 x weight + 7.80 x height
+ 6.6 xsex —0.098 x age + race — 3.3

(R> =0.86, p < 0.0001, SEE = 2.8 kg)

where sex = 0 for female and 1 for male, race = —1.2 for
Asian, 1.4 for African American, and 0 for white and
Hispanic.

Then SMI was calculated by dividing the SM (kilo-
gram) by squared height (square meter) (11).

The digit ratio of the right hand was calculated accord-
ing to the method recommended by Manning et al (/2). The
lengths of the index and ring fingers were measured on the
palmar surface of the hand from the basal crease proximal
to the palm to the tip of the finger using digital calipers
(Mitutoyo, model digimatic caliper 500-151-20, Mitutoyo,
China) with the accuracy of 0.01 mm. After measuring the
length of the fingers, again measurements were repeated and
the mean of the 2 measurements was recorded. The 2D:4D
ratio was obtained by dividing the length of the index finger
by the length of the ring finger (12).

Physiological Measurements
Handgrip Strength (HGS)

HGS was measured using a digital dynamometer
(Seahan, model SH5003, Seahan Co, South Korea). The par-
ticipants performed the test in a sitting position on a chair,
with their elbow extended to 180° along the vertical axis
and their wrists in slight extension. This test was repeated
3 times with 15 s between trials, and the mean value was
recorded in kilogram (right hand was dominant in people
and the reliability r = 0.96 for the present device was rec-
ognized as high) (13).
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Quadriceps Isotonic Extension Strength

Maximal leg extension was measured by sitting in a leg
extensor bench. First, after 5 min of warm-up and famil-
iarization with the fitness machine, testing was performed.
By using multiple repetitions and the following formula,
the maximal leg extension was calculated (14):

One-repetition maximum (1IRM)
B Load (kg)
1.0278 —[0.0278 x maximum amount of repetitions]

Standing on 1 Foot (SOOF)

The subjects were asked to perform a 1-leg stand (domi-
nant foot) for 30 s with eyes open. At this time, the weight-
bearing foot was not allowed to move and the hands should
be on the sides of the waist. The participants tried twice
and the maximum record was recorded in seconds (the re-
liability of the tests is 0.85) (15).

Squat Down on the Floor

In this test, the participants were asked to squat down
vertically in a stable position and to touch the ground with
a finger, and then to rise up again. The test results were re-
corded by yes/no (the test reliability was reported to be
moderate) (16).

Blood Measurements

Fasting blood samples were taken from a forearm vein
between 8:00 AM and 10:00 AM. The determination of 25-
hydroxyvitamin D was tested by enzyme-linked
immunosorbent assay method with sensitivity of 5 nm/L
(Stat Fax 2100, Awareness Technology, Palm City, FL). The
blood level of calcium was determined with the
AutoAnalyzer RA-100 (Bayer-Technicon, Leverkuser,
Germany). All measurements were taken in winter and the
normal levels of 25-hydroxyvitamin D 25-80 ng/mL and
calcium 8.50-10.50 mg/dL were considered.

Measurement of BMD

BMD was measured at 2 areas of the lumbar spine (L2-
L4) and hip by dual-energy X-ray absorptiometry device
(QDR 4500 W, Hologic Inc., Bedford, MA) and, based on
the classification of the WHO, was placed in 3 groups:
healthy, osteopenic, and osteoporotic (4).

Statistical Analysis

By using the data related to the variables, the mean and
standard deviation of scores of participants were calcu-
lated by descriptive statistics. The data were found normal
by Kolmogorov-Smirnov test, and the parametric test of
Pearson relationship coefficient was used to determine the
association between mentioned variables. To compare the
results between the healthy, osteopenic, and osteoporotic
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groups, one-way analysis of variance was used. After it was
confirmed that there is a significant difference between the
means, the Bonferroni post hoc test was used. Statistical
operation of the present study was performed using SPSS
20 software and Excel 2010 (IBM, Armonk, NY and
Microsoft, Redmond, WA). The significance level was con-
sidered as p <0.05 at all stages.

Results

A total of 97 postmenopausal women with an average
age of 50.71 £ 6.86 yr participated in the present study. The
characteristics of anthropometric, physical tests and BMD
measurements of the study population at baseline are shown
in Table 1.

The WHR, SMI, and 2D:4D were associated with lumbar
spine BMD (r = -0.26,p = 0.01; r = 0.32, p = 0.001; r = 0.53,
p <0.001; respectively) and the hip regions (r = —-0.25,
p =0.01; r=0.30, p =0.003; r = 0.51, p < 0.001; respec-
tively). The calf circumference was associated with lumbar
spine BMD (r = 0.20, p = 0.04). There was no association
observed between the calf circumference and the hip BMD

Table 1
Characteristics of the Study Population

Characteristic Mean + SD
Age (yr) 50.71 £ 6.86
Age when menopause 47.53+£2.17

started (yr)
Height (cm) 159.39 £5.62
Weight (kg) 67.50 £ 12.35
Body fat (%) 38.75+£6.06
BMI (kg/m?) 26.62 £4.88
WHR 0.81 £0.07
SMI (kg/m?) 7.72£1.14
2D:4D 0.98 £ 0.05
Calf circumference (cm) 34+6.18
Hand circumference (cm) 19.67 £1.47
HGS right (kg) 23.07 £5.55
HGS left (kg) 19.55+4.86
Leg extension strength (kg) 21.09 £5.88
Standing on 1 foot (s) 26.52 £ 6.01
Ability to squat down on the 72.97

floor (number [%])
Lumbear spine (L2-L4) -1.52+1.28

BMD (T-score)
Hip BMD (T-score) -1.50£1.33
Physical activity level 6.01£2.13
Calcium (mg/dL) 9.2+0.27
250HD (ng/mL) 32+£6.35

Abbr: 250HD, 25-hydroxyvitamin D; BMD, bone mineral
density; BMI, body mass index; HGS, handgrip strength; SD, stan-
dard deviation; SMI, skeletal muscle mass index; WHR, waist-
to-hip ratio.
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Table 2
Associations of Physical Activity and Anthropometric and Physiological Characteristics With BMD (7-Score)
Lumbar spine BMD Hip BMD
Variable r p r p
WHR -0.26 0.01* -0.25 0.01%
SMI 0.32 0.001* 0.30 0.003*
2D:4D 0.53 <0.001* 0.51 <0.001*
Calf circumference 0.20 0.04* 0.12 0.24
Hand circumference 0.09 0.38 0.11 0.26
Physical activity level 0.86 <0.001* 0.83 <0.001*
HGS right 0.65 <0.001* 0.63 <0.001*
HGS left 0.43 <0.001* 0.45 <0.001*
Leg extension strength 0.64 <0.001* 0.60 <0.001*
Standing on 1 foot (s) 0.30 0.003* 0.24 0.01*
Ability to squat down on the floor (yes/no) -0.04 0.68 -0.11 0.27

Abbr: BMD, bone mineral density; HGS, handgrip strength; SMI, skeletal muscle mass index; WHR, waist-to-hip ratio.

*Significance at the <0.05 level.

(p >0.05). Also, the hand circumference was not associ-
ated with lumbar spine BMD and the hip BMD (p > 0.05)
(Table 2).

The physical activity, HGS (right and left hands), leg ex-
tension strength, and SOOF tests were associated with
lumbar spine BMD (r = 0.86, p < 0.001; » = 0.65, p < 0.001;
r=0.43,p <0.001;r = 0.64, p < 0.001; r = 0.30, p = 0.003; re-
spectively) and the hip regions (r = 0.83, p < 0.001; r = 0.63,
p <0.001; r=0.45, p <0.001; r = 0.60, p < 0.001; r =0.24,
p = 0.01; respectively). There was no independent associa-
tion observed between the ability to squat down on the floor
and BMD (p > 0.05) (Table 2).

The subjects were divided into normal, osteopenic, and
osteoporotic groups according to the 7-score of the lumbar
spine and hip BMD (WHO classification). Osteoporotic
women, according to lumbar spine and hip BMD, per-
formed significantly worse in HGS, leg extension strength,
and SOOF (p <0.05) (Table 3). Also, significant differ-
ences among groups in some anthropometric characteris-
tics were observed (Table 3).

Discussion

The aim of the present study was to investigate the re-
lationship between physical activity and anthropometric and
physiological characteristics with BMD in postmenopausal
women. The results showed that physical activity and some
anthropometric (WHR, SMI, 2D:4D, and calf circumfer-
ence) and physiological characteristics (HGS, leg exten-
sion, and SOOF) were related to BMD in postmenopausal
women.

The results showed that there was a positive relation-
ship between the bone density of the spine and hip with
2D:4D in postmenopausal women. Researchers have shown
that the 2D:4D ratio is determined by the balance between
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androgens to estrogens. The androgen receptor and the es-
trogen receptor are more active on the fourth finger in com-
parison to the second finger. Inactivation of the androgen
receptor reduces the growth rate of the fourth finger and
increases the 2D:4D ratio, while inactivation of estrogen
receptor increases the growth rate of the fourth finger and
consequently leads to the reduction of the 2D:4D ratio (17).
So we can say that the 2D:4D ratio reflects the level of an-
drogen and estrogen in circulation.

The transcript level in 4D relative to 2D is determined
by 19 genes (17). Several genes in skeletal and other tissues
of these genes are regulated by steroids; genetic studies in-
dicated that Runx2, Sox9, Igfbp2/5, Fgfr2, Bmp6, Ihh, and
Wnt5a have an important role in the development of fingers.
For example, it has been shown that Wnt5a regulates the
speed of increase of chondrocytes and maturation in long
bones. The results showed that androgen is the negative
regulator expression of WntSa in ratio of fingers and when
Whnt5a is positively regulated on the fourth finger after con-
flict with androgen, this may lead to the reduced cell pro-
liferation and shortened fourth finger size and an increase
in 2D:4D ratio, which increases the female ratio develop-
ment in the fingers (17). Also, studies have shown that bone
loss related to aging is because of estrogen reduction (2).

The obtained results demonstrated that there was a nega-
tive relationship between WHR and lumbar spine and hip
BMD. As mentioned, women with low WHR had lower tes-
tosterone and high estrogen, while women with high WHR
had high testosterone and lower estrogen (/8). Meno-
pause is related to a reduction in hip circumference and
abdominal fat. The difference between the metabolism of
gluteal-femoral fat cells and abdominal fat cells, which are
responsible for the distribution of body fat in young women,
disappeared after menopause. Also, the reduction of pro-
gesterone amount can have a role before menopause (when
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Table 3
Anthropometric Characteristics and Physical Tests in Women With Normal, Osteopenic, and Osteoporotic Lumbar
Spine and Hip According to WHO Classification

Lumbar spine (L2-L4) BMD

Hip BMD

Normal vs osteopenic (36) vs osteopenic (44)
Variable (33) vs osteoporotic (28)  Normal (29)  vs osteoporotic (24)
WHR 0.78 0.83 (p =0.009) 0.77 0.82 (p =0.02)
0.82 (p =0.09) 0.82 (p =0.08)
SMI 8.29 7.51 (p =0.01) 8.24 7.59 (p =0.05)
7.38 (p = 0.006) 7.39 (p =0.02)
2D:4D 1.02 0.99 (p =0.01) 1.03 0.98 (p =0.001)
0.94 (p <0.001) 0.95 (p <0.001)
Calf circumference 36.76 32.69 (p =0.01) 35.57 32.97 (p =0.20)
32.71 (p =0.03) 34.16 (p = 0.69)
Hand circumference 19.99 19.23 (p =0.09) 20.14 19.35 (p =0.07)
19.91 (p =0.97) 19.77 (p = 0.63)
Physical activity level 8.83 4.83 (p <0.001) 8.92 5.18 (p < 0.001)
4.50 (p <0.001) 4.37 (p <0.001)
HGS right 27.94 21.81 (p <0.001) 28.48 22.09 (p <0.001)
19.48 (p <0.001) 19.01 (p <0.001)
HGS left 22.48 18.45 (p =0.001) 23.49 18.76 (p < 0.001)
17.82 (p < 0.001) 16.73 (p < 0.001)
Leg extension strength 26.51 19.51 (p < 0.001) 26.38 20.13 (p < 0.001)
17.30 (p <0.001) 17.10 (p <0.001)
Standing on 1 foot (s) 29.38 25.75 (p =0.03) 29.69 25.18 (p = 0.006)
24.44 (p =0.004) 25.54 (p =0.03)
Ability to squat down on the floor (yes/no) 1.23 1.22 (p=0.91) 1.07 1.25 (p =0.19)
1.14 (p = 0.67) 1.25 (p =0.28)

Abbr: BMD, bone mineral density; HGS, handgrip strength; SMI, skeletal muscle mass index; WHR, waist-to-hip ratio.

this hormone helps fat accumulation in hip and thigh) (79).
Estrogen directly reduces WHR by increasing fat depos-
its in the hip and thigh and increasing lipolysis in abdomi-
nal fat (1/9). According to the results of the present research
and the relationship of WHR with androgen and estro-
gen, it seems likely that there is a significant association
between WHR and bone density.

In addition, in the present study, the relationship between
anthropometric variables (the calf circumference and hand
circumference) and BMD of lumbar spine and hip was in-
vestigated. The results showed a positive relationship
between the calf circumference and lumbar spine BMD,
but there was no significant relationship between the calf
circumference and hip BMD and between hand circum-
ference and BMD in both areas.

People with osteoporosis have greater postural imbal-
ance (20).The study of Landi et al (27) showed that the calf
circumference is directly related to the balance and better
performance of older persons,and it can be said that the people
who had more calf circumference probably had a better
balance and had a lower rate of falls and fractures. More-
over, the calf circumference is considered as the most sen-
sitive anthropometric measurement to assess muscle mass
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in the elderly by the WHO (22). Research suggested that it
is a proper evaluation index for muscle mass in the elderly
(23). Regarding the relationship between muscle mass and
BMD, it seems that possibly there is a relationship between
the calf circumference and BMD. In the present study, there
was only a significant relationship observed between the BMD
of the lumbar spine and the calf circumference.

According to researchers, there is a strong positive rela-
tionship between the hand circumference and HGS in men
and women (/0,13).The results of studies showed a positive
association between BMD and the HGS. Accordingly, it is
hypothesized that perhaps there was a significant relation-
ship between the hand circumference and BMD, and pos-
sibly hand circumference can be used as an anthropometric
indicator to predict BMD. The results of the present study
showed no significant relationship, which is contrary to this
hypothesis. In this regard, there is a study conducted by Kaya
et al (24), which showed no relationship between hand cir-
cumference and BMD in men and women. Very little re-
search has been done in this field and its mechanism is not
clear.

The results of the present study showed a significant posi-
tive relationship between, upper body and lower body
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muscle strength and SMI with BMD. In this regard, a study
conducted by Karkkiinen et al (25) showed that the HGS
and leg extension strength are associated with BMD in post-
menopausal women. Research of Kirkkiinen et al (6) has
shown that HGS is related to the lumbar spine and hip
BMD, but the leg extension strength is not related to the
BMD of any area.

The research results of Chan et al (26) and Marin et al
(7) indicated that there is a significant relationship between
the HGS and the BMD of the lumbar spine, the femoral
neck and the whole body in women.

In contrast to these results, Khalil et al (27) reported that
there is no relationship between the HGS and leg exten-
sion strength and the lumbar spine BMD in older men. They
suggested that environmental factors have a significant
impact on bone strength (27). The research of Kaya et al
(24) demonstrated that there was a relationship between
the HGS and the BMD in hands of men, but there was no
such relationship in postmenopausal women. They linked
the reason for the lack of a significant relationship in women
to their status of estrogen levels or physical activity (mainly
limited to leisure activities) (24).

In the present research, the results showed that the ability
to stand on 1 foot had a positive association with spine and
hip BMD, but there was no significant relationship between
the ability to squat down on the floor and BMD. The study
done by Kérkkiinen et al (6) showed there is a relation-
ship between SOOF with lumbar spine and hip BMD, and
the ability to squat down on the floor is related to hip BMD.
In addition, it was found that there is no relationship
between the chair rising test and the SOOF test with eyes
closed for 10 s and bone density in any area. The research
of Kéarkkéinen et al (25) showed that SOOF for 10 s in post-
menopausal women is related to BMD. Balance control,
is the intrinsic capacity of an individual to maintain the
body’s center of gravity according to the definition of the
limits of stability. Elderly women with osteoporosis have
less balance and risk of falling. Reduction of estrogen in
women after menopause is related to decrease in muscle
strength and imbalance (20).

But Abreu et al (28), Silva et al (29), and Cangussu et al
(30) reported that osteoporosis does not worsen balance
situation. The difference in results may be caused by other
relevant factors, particularly performance reduction, which
is related to aging and may be worse in women with os-
teoporosis (28-30).

Physical activity probably can reduce the rate of bone
loss and bone weakness caused by aging. However, it is
known that estrogen response to mechanical loads is de-
creased with increasing age. It seems that the effect of ex-
ercise on BMD is related to the osteocyte activities, which
leads to the balance between resorption and formation.
Studies have shown that, to create a positive impact on bone
density, the created mechanical load should provide ad-
equate pressure and should be large enough (37). It has
been shown that mechanical loads of predictive marker ex-
pression (bone morphogenetic protein-2, type I collagen,
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and alkaline phosphatase) stimulate different shapes of os-
teoblasts in MC3T3-E1 cells (32).

According to the findings, it seems that some anthro-
pometric variables such as the 2D:4D ratio had a rela-
tively good relationship with BMD. Also, physiological
variables such as the HGS, leg extension, and physical ac-
tivity had a strong relationship with bone mass. Accord-
ingly, these variables possibly can be used in the early stages
of bone density measurements because they are impor-
tant determinants of bone mass in postmenopausal women.
Some of the variables used in this research are used for the
first time and there is a need for further examinations of
these variables in different communities and geographic
areas.
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